Capacitive matching for MOSFET Charge-Sensitive
Preamplifiers with Constant Current
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ENC” =3 e, Cjy O, (1)
where
Cin = Cyett Co WL is the total input capacitance;
4kTa, . _ : N
e = v is the input voltage spectral noise density vait= 2/ 3 for FET;
m
On = j 2uC, (W/ L)I; MOSFET in strong inversion;
= gly/nkT weak inversion;

+o00

0, = J' [h’(t)]zdt is the series noise integrdi(t) is the impulse response.

with the currenty, lengthL, and impulse responskt) held constant, the optimum size for a
device in strong inversion is found from:

i(ENCZ) _ 2kTa,0; O 1(Cdet+ COXWL)2+2(Cdet+ COXWL)COXL%
dw 2UC, /LD 2 wW¥? w2 0
=0
Cgett CoxWL = 4C, WL
We find
1
CoxWL = éCdet ©)
or
W — Cdet
°Pt  3C,,L

LargeW/I4 ratio eventually leads to weak inversion operation. Theis independent of W so
any increase of W degrades the ENC. Taking this into account:
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W where

opt = MiN

defines the boundary of weak inver



MOS |-V Characteristics
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Note:n s ratio of bottom (JFET)/top (MOS) gate control:
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BC — 1+ A sus ; typicallyn~1.2 - 1.5
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Regions of operation
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Drain current thermal noise: 'y = 8nkTgm/3
Flicker noise: v% = 4kTV—\7pﬁ iner. WL incr. W/L
i2
Input-referred noise voltage: 4kT R, = v% + 0
92, SN
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Equiv. input noise resistance: R, WLF ng \\
log f




MOS Transistor

NMOS device

Gate Oxide

Source / Drain

) .. -
Charge in inversion layer controlled

Substrate by gate-channel voltage

(body)

Cross-section of n-well CMOS process

n Well

p type substrate K
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